There is a conflict in the literature as to whether haptoglobin enhances or inhibits the peroxidase like activity of hemoglobin. This conflict arises from: 1. the effect of the concentration of H 2 O 2 4 ) on the activity, 2. the use of different parameters to express the activity. In our own experience using 0-tolidine as the donor, we found that, depending on the concentration of H 2 O 2 , activation or inhibition by haptoglobin was observed when the maximum color development was the parameter for the activity. With low concentrations of H 2 O 2 activation and with higher concentrations of H 2 O 2 inhibition was found. However, when the initial reaction rate was used to express the activity, there always was activation regardless of the peroxide concentration. The sequence of events when H 2 O 2 is added to HgbO 2 and HgbO 2 : Hp and Methgb and Methgb : Hp was followed by observing changes in the spectra. The results from the change of the spectra together with the reaction rate of curves of the peroxidase reactions lead us to the conclusion that the complex formed between hemoglobin and haptoglobin enhances the peroxidase like activity of hemoglobin and that it also increases the susceptibility to the destruction by H 2 O 2 . In a preceding paper (1) we discussed the difficulties one O. D.) under the conditions of our peroxidase-assayencounters in the determination of microgram-quantities system, which contained o-tolidine as chromogen and of hemoglobin in urine. Urine contains potent inhibitors 640 mM H 2 O 2 . for the peroxidase-like activity of hemoglobin. By gel This observation was in contrast to the report by filtration with Sephadex hemoglobin can be separated CONNELL and SMITHIES (2) who found that Hp enhances -from the inhibitors. Recovery of hemoglobin from the oxidation of guaiacol by Hgb in the presence of Sephadex columns arid separation from the inhibitors H 2 O 2 . Initially we believed that this difference was were greatly increased when hemoglobin was present based on the unlikeness of the chromogens -guaiacol and as the hemoglobin : haptoglobin complex. When haptoo-tolidine. Our belief was supported by the results from globin was added to a hemoglobin solution, we observed LUPOVITCH and ZACK (3), who found inhibition of the a sharp decrease of the peroxidase-like activity (max. peroxidase-like activity of Hgb by Hp with o-dianisidine (like o-tolidine a derivate of benzidine) as chromogen.
In a preceding paper (1) we discussed the difficulties one O. D.) under the conditions of our peroxidase-assayencounters in the determination of microgram-quantities system, which contained o-tolidine as chromogen and of hemoglobin in urine. Urine contains potent inhibitors 640 mM H 2 O 2 . for the peroxidase-like activity of hemoglobin. By gel This observation was in contrast to the report by filtration with Sephadex hemoglobin can be separated CONNELL and SMITHIES (2) who found that Hp enhances -from the inhibitors. Recovery of hemoglobin from the oxidation of guaiacol by Hgb in the presence of Sephadex columns arid separation from the inhibitors H 2 O 2 . Initially we believed that this difference was were greatly increased when hemoglobin was present based on the unlikeness of the chromogens -guaiacol and as the hemoglobin : haptoglobin complex. When haptoo-tolidine. Our belief was supported by the results from globin was added to a hemoglobin solution, we observed LUPOVITCH and ZACK (3), who found inhibition of the a sharp decrease of the peroxidase-like activity (max. peroxidase-like activity of Hgb by Hp with o-dianisidine (like o-tolidine a derivate of benzidine) as chromogen. Hjdrogenperoxide: fresh dilutions were prepared each day from a 30% solution (standardized with permanganate titration).
Peroxidase test
The maximum absorbance of the blue reaction product with otolidine is at 635 nm. Some experiments were done at this wavelength in a Zeiss PMQII spectrophotometer, others were measured in an Eppendorf photometer with filter Hg 578 nm (mercury light source). Although the absorbance of the blue product is less at 578 nm by the factor of appr. 1.8, measurements with the Eppendorf photometer were preferred because of certain technical advantages of this instrument. All measurements were performed at 25°C in a thermostat cuvette holder. The maximum absorbance of the green reaction product with o-dianisidine is at 690 nm. Measurements were made at this wavelength in the Zeiss spectrophotometer and reaction curves were recorded. Reagent buffer 2.25 m/ and 900 μΐ saline were mixed in a 10 mm cuvette; 100 μΐ Hgb or Hgb: Hp were added by pipetting the solution into the reagent mixture without touching the wall of the cuvette I After mixing the O. D. was adjusted to zero. Variation of o-tolidine min.) was found to be almost double (tab. 1). This led to The effect of the concentration of o-tolidine was meas-investigating the influence of the time Hgb was exposed ured at three concentrations of H 2 O 2 -64, 213 and to the o-tolidine-buffer, before the reaction was started with H 2 O 2 (tab. 2). The effect of the sequence of addition of the components of the reaction on the peroxidase activity (all experiments with 64 mM H^g) The sequence in which the Hgb-solution and the reagents were pipetted into the cuvette was of influence on the peroxidase activity. Whenever a Hgb-solution was added to the cuvette first, a very low activity was obtained. It was observed that Hgb sticks to the glass and forms there a blue precipitate as soon as the reaction has been started. Adhering to the glass was occasionally also observed when Hgb was pipetted into a solution in the cuvette by holding the tip of the pipette to the glass wall. Thereby, the activity was decreased. When Hgb-solutions are to be pipetted into another solution, touching the glass wall with the tip of the pipette should be avoided. fig. 7) , It must be emphasized that the conditions for the experiment in figure 7 differed from those in figure 2 , where tartrate buffer of pH 4.2 was used. Whether the difference in pH or the nature of-the buffer caused the shift of the crossing point of the Hgb and Hgb : Hp curves from about 170 mM H 2 O 2 to about 64 mM H 2 O 2 has not been investigated. At 0°C the two curves do not cross in the range between 16 and 320 mM H 2 O 2 , but at 16 mM H 2 O 2 the activity of Hgb : Hp was only 10% less than that of free Hgb. At 64 mM H 2 O 2 the activity of Hgb : Hp was about 50% of that of Hgb, which agrees well with the results of LUPOVITCH and ZACK. The authors described a photochemical effect, that is an enhancement of the reaction with o-tolidine, by white light and almost complete inhibition of color development in the dark. We were not able to confirm this. In our experiments there was no difference in max. O. D. or the shape of the reaction curves with free Hgb and Hgb: Hp whether we incubated in the light or in the dark. It should be mentioned that we used o-dianisicline-HCl which was filtered over charcoal and recrystallized. Maybe impurities in the chromogen caused the effect observed by LUPOVITCH and ZACK. (9) found that with R = 100 Methgb was gradually repkced by a relatively stable compound with a wide absorption band 590 nm. There was evidence that oxidation of the porphyrin ring occurred, but the authors did not mention whether they regard this compound as catalytically inactive. With a great excess on H 2 O 2 R=100, Methgb was rapidly repkced by HgbO 2 .
We recorded the spectra of Methgb and HgbO 2 with and without Hp in the absence of and in the presence of various concentrations of H 2 O 2 in tartrate buffer pH 4.2 (conditions of our assay system). Two sets of experiments were conducted. From the results in the first series we obtained information on the time course of the changes of the spectra in dependence on R. With R = 1 the spectrum of HgbO 2 ( fig. 8 ) changed gradually. The peaks at 540 and 575 nm decreased. When R was increased after 14 min. to 2 the change was a little faster. The same experiment was repeated with HgbO 2 -Hp ( fig. 9 ), the changes occurred faster. Methgb ( fig. 10 ) had a broad maximum between 500 and 530 nm and a lower peak at 625 nm, and hinted peaks at 545 and 580 nm. Immediately after the addition of H 2 O 2 , R = 1, the peak at 625 nm diminished, and there was very little further change within the next 5 min. At that time R was increased to 3 and no further change was observed during the next 10 min. The spectrum of Methgb : Hp was different ( fig. 10 ) with a maximum and peak at 500 nm and shoulder between 560 and 580 nm and a distinct peak at 630 nm. Immediately after the addition of H 2 O 2 , R = 1, the spectrum began to change, and over the next 4 min. the peak at 500 decreased slightly and a peak at 580 nm became distinct, while the peak at 630 nm diminished. No further change was observed during the following 6 nun., at which time H 2 O 2 was increased to R = 2. The peak at 500 nm decreased further and the peak at 580 nm increased and shifted to 590 nm. On increasing R to 3 no further change occurred. In the second series the spectra were recorded concomitant with activity measurements (tab. 5). The change of the spectrum of HgbO 2 after addition of H 2 O 2 , R = 500, is shown in figure 11 . The curves approached the spectrum of Methgb, but the peaks at 540 and 575 nm were still prominent. The activity after 3 min. (curve II) was 53% of that before the addition of H 2 O 2 and after 15 min. (curve III) was still 50%. This means that about 50% of the Hgb must have been "destroyed", because Hgb and Methgb have the same peroxidase activity. The spectrum of HgbO 2 : Hp ( fig. 12 , curve IV) was identical with that of HgbO 2 . Twelve minutes after the addition of H 2 O 2 , R = 500, a change similar to that with Hgb was seen in curve V, but the activity was only 38% of that before the addition of H 2 O 2 . In the presence of Hp the "destruction" of Hgb was thus accelerated. The spectrum of Methgb ( fig. 13 , curve VI) changed on the addition of H 2 O 2 , R = 500, within 2 min. to an The activity remained at 100%. This curve could represent the Methgb-OOH complex. After 12 min. the curve (IX) was slightly lower, the activity was still
The spectrum of Methgb : Hp (fig. 14, curve X) was different from that of Methgb, a peak at 580 nm became visible, the peak at 625 nm shifted to 630 nm and became very pronounced. One min. after the addition of H 2 O 2 R = 500, the curve (XI) was comparable to the corresponding curve of Methgb (VIII), the activity was diminished to 9%. With H 2 O 2 , R = 5, (curve XII) the peak at 580 nm shifted to 590 nm after l min. and became the maximum of the curve. The activity was 86%. After 12 min. the curve (XIII) was lower and a peak appeared at 530 nm. The activity was 49%. As in the case of Hgb, Hp definitely accelerated the "destruction" of Methgb. There was, of course, one fundamental difference in the experimental conditions between the spectra-experiments and the activity measurements. While in the former the ratio of H 2 O 2 to the prosthetic groups was between 1 and 500, it was of the order of 1 Χ 10 5 in the latter. Why then is Hgb not completely inactivated on the addition of H 2 O 2 ? We have found that when H 2 O 2 was added to Hgb before the chromogen, no color development occurred. The chromogen £S such must, therefore, have a protecting influence on the enzyme. With o-tolidine as chromogen a blue oxidation product is formed, by peroxidases in the presence of hydroperpxides. The blue compound with an absorption maximum at 630 nm (tartrate buffer pH 4.2) was unstable under our experimental conditions with H 2 O 2 . After max. O. D. had been reached, the color was stable for about 8 min. and then faded and turned into a greenish yellow. With Hgb: Hp as enzyme, the blue color was even less stable and we believed for a while that Hp accelerated the oxidation of the blue first product to the second oxidation compound'. But the following experiment proved that the second step of conversion is independent of a peroxidase reaction. At the point of maximum color development catalase was added to one of two parallel tests to destroy Figure 17 demonstrates that the fading of the blue color was accelerated after the destruction of H 2 0 2 . The catalase experiments suggest the following interpretations :
1. It can be concluded for certain that the oxidation of the blue oxidation product of o-tolidine is independent of H 2 O 2 . 2. One can conclude that the oxidation is non enzymatic because it occurs in the absence of the substrate (H 2 O 2 ) of the enzyme (Hgb) unless a direct reaction between the chromogen and Hgb without an oxygen donor is postulated, but for which there is no evidence. 3. The faster development of the second oxidation product after H 2 O 2 destruction suggests two alternative possibilities: a) Oxygen, developed by the catalase is the oxidizing agent. b) The slower decline of the reaction curve in the presence of H 2 O 2 is caused by a continued production of the first oxidation product and an equilibrium exists at the peak of the curve between formation and further oxidation of the blue product. It .should be recalled here that Hgb has some catalase effect, so that oxygen is produced from H 2 O 2 for the second step of oxidation. c) A combined effect of a) and b).
The diminished stability of the blue oxidation product in the presence of Hgb : Hp is most likely due to the accelerated destruction of the enzyme, which leads to a shortened period of equilibrium between the enzymatic formation of the blue oxidation product and its further non enzymatic oxidation. While most of the phenomena associated with the peroxidase like activity of Hgb and the Hgb-Hp complex as discussed in the first paper have been dealt with here, we have not described further the effects of sodium alginate. A third paper in this series on this effect and on the nature of the blue oxidation product is being prepared.
